Immunoregulation in Idiopathic Inflammatory Myopathies: From Dendritic Cells to Immature Regenerating Muscle Cells
Idiopathic inflammatory myopathies (IIM) are a group of chronic muscle disorders of unknown origin that lead to muscle destruction. The original classification of IIM proposed by Bohan and Peter in 1975 including polymyositis (PM) and dermatomyositis (DM) was recently revised with the development of histopathological approaches and the discovery of myositis-specific and myositis-associated antibodies that led to the characterization of new entities. In addition to PM and adult and juvenile DM, these novel classifications distinguish inclusion-body myositis (IBM), immune-mediated necrotizing myopathy, overlap myositis, and cancer-associated myositis 1, 2 . While distinct immunopathogenic mechanisms may occur in each subset of myositis, all IIM share a common inflammatory background associated with clinical, histological, and serological overlap. Several molecular pathways, such as adaptive and innate immune responses, autoimmunity, and nonimmune mechanisms, could influence the pathogenesis of IIM. However, the exact contribution of each one in the development of distinct phenotypes remains unclear. In this issue of The Journal, Gendek-Kubiak and Gendek highlight the contribution of dendritic cells (DC) 3 . We summarize here recent insights in myositis immunoregulation from DC that are central in the development of adaptive and innate response to nonimmune mechanisms. Dendritic cells. DC are crucial for the development of adaptive and innate immune responses. DC, subdivided into myeloid DC (mDC) and plasmacytoid DC (pDC), are present in lymphatic and blood systems and peripheral organs. They are equipped with a range of pattern-recognition receptors (PRR) and serve as sentinels of the immune system. Their activation after stimulation of PRR, such as Toll-like receptors (TLR) or C-type lectin receptors (CLR), by microbial components and/or endogenous ligands leads to their maturation and the development of an effector T cell immune response. In muscle biopsies from IIM, both myeloid and plasmacytoid DC have been detected with differences according to IIM subtypes. The DC present in PM and IBM muscle are mostly mDC, in contrast to adult and juvenile DM, which had greater numbers of pDC expressing CD4 4, 5 . The presence of pDC in muscle was also increased in overlap myositis associated with anti-Jo1 or anti-SSA autoantibodies 6 . An accumulation of mature DC in muscle tissue from IIM is reported in many studies 7, 8 , such as the study by Gendek-Kubiak and Gendek 3 . In their study, the authors used newly defined markers of immature and mature DC. Langerin/CD207, as CD1a previously used for the identification of immature DC 7 , is a marker of epidermal and epithelial Langerhans cells. Langerin is a CLR always associated with CD1a expression, and should also be useful for the identification of immature DC. Fascin is a DC protein upregulated during DC maturation that is additionally critical for antigen-presenting cell activity.
Consistent with previous studies, Gendek-Kubiak and Gendek 3 found that immature langerin DC were rarely detected compared to fascin-positive mature DC detected in all DM biopsies and in 4 out of 5 PM biopsies, without differences for the localization or the quantification of fascin-expressing DC between PM and DM. Gendek-Kubiak and Gendek 3 confirm a common profile of DC subsets between PM and DM, except for a relative accumulation of more mature DC in PM than in DM 7 . Moreover, the presence in inflamed muscle of DC expressing fascin that is directly involved in the ability of DC to activate T cells, as well as in DC mobility and migration, highlights their local contribution in antigen presentation and T cell activation. Migration of DC is closely regulated during maturation through changes in chemokine receptor expression. The quasi-absence of immature DC reported by Gendek-Kubiak and Gendek 3 could suggest an extramuscular maturation of DC in secondary lymphoid organs and a direct migration into muscle. However, the lack of the β chemokines CCL19/CCL21 involved in the migration of mature DC and See Dendritic cells in PM and DM, page 186 the presence of CCL20 and its associated receptor CCR6 involved in the migration of immature DC, in association with the expression of immature CD1a-positive DC, suggest a local muscular maturation of DC 7 . A very similar conclusion was reached in the context of rheumatoid arthritis synovium, with differences compared to normal lymph node organization 9 . Such DC maturation could be enhanced by the presence in the microenvironment of proinflammatory cytokines such as interleukin 1 (IL-1) and tumor necrosis factor-α (TNF-α) 10 . Finally, the nature of PRR expressed by DC, the type of PRR ligand, and the micro-environment in which DC are located determine the behavior of DC and the orientation of the immune response. Myeloid DC are potent antigen-presenting cells of adaptive immunity that stimulate T and B lymphocytes capable of highly specific response-promoting distinct phenotypes of Th cells. Plasmacytoid DC support innate immunity, in particular against viral infection, through the production of type I interferon (IFN). T cell immunity. IIM are characterized by the presence in muscle tissue of lymphocytic infiltrates consisting of CD8+ and CD4+ T cells. In PM and IBM, endomysial CD8+ T cells surround and invade muscle fibers expressing MHC class I antigens. DM is characterized by a perivascular inflammation with CD4+ T cells, associated with capillary modifications that lead to perifascicular atrophy. The autoimmune origin of IIM is supported by a T cell-mediated myocytotoxicity and by observation of clonally expanded autoinvasive T cells in blood and muscle of PM 11, 12 . Multiple and complex variables contribute to the development of naive CD4+ T cells into Th1, Th2, Th17, or Treg cells. Many studies suggest a main Th1 profile in IIM. In muscle tissue from both PM and DM, the Th1 cytokine interferon-γ (IFN-γ) is largely detected 7, 8, 10 , as well as IL-12 13 and IL-18 14 produced by activated DC and involved in Th1 polarization. In addition to the Th1 pathway, the presence in lymphocytic infiltrates of myositis muscle of IL-17-producing cells, as well as IL-23 produced by activated DC and involved in Th17 polarization, suggests a contribution of the IL-23-Th17 pathway 7, 8, 13 . IL-17 can act together with other proinflammatory cytokines to amplify and maintain the immune response that leads to muscle destruction 15 . IL-17 acts in synergy with IL-1 and TNF-α to induce the production by muscle cells and mononuclear cells of IL-6 and of the β chemokine CCL20, which in turn contribute to the differentiation and recruitment of Th17 and immature DC. B cell and humoral immunity. Humoral immunity is mediated through antibody-producing plasma cells after maturation of B cells following presentation of autoantigens to activated CD4+ Th cells. The autoimmune origin of IIM is supported by the presence of specific or associated myositis autoantibodies/autoantigens. Besides their use for diagnosis and classification, they also contribute to the initiation and maintenance of the immune response. In PM, DM, and immune-mediated necrotizing myopathy, myositis-specific autoantigens such as histidyl-tRNA synthetase, Mi-2, and HMG-CoA reductase are over expressed in immature regenerating muscle cells also expressing high levels of HLA class I antigens 16, 17 . Chemoattractive properties of autoantigenic aminoacyl-tRNA synthetases contribute to the migration and recruitment of T cells and DC. Moreover, myositis autoantibodies may act in combination with immune complexes and necrotic cells as endogenous IFN-α inducers 6 . Innate immunity. Studies identified the contribution of the innate immune system through activation of the type I IFN system and TLR pathway in addition to the adaptive immune response 6, 13, 18 . Type I IFN-induced genes and proteins are upregulated in blood and muscle from PM and DM 6, 19 . However, the exact source of type I IFN remains unclear because pDC, a major source of type I IFN, are rare and scattered in myositis muscle. Regenerating immature muscle fibers were identified as a local possible source of IFN-ß after activation of the TLR3 pathway and in the context of a Th1 microenvironment 13 . In turn, such production of type I IFN could favor HLA class I upregulation on muscle cells. Activation by endogenous ligands and self-antigens of TLR associated with nucleic acid-based pathogen-associated molecular pattern recognition may contribute to autoimmunity. In PM and DM, overexpression of TLR3 and TLR7, specifically in immature muscle fibers, has been demonstrated 18 . Moreover, activation of TLR3 pathways by necrotic cells, in synergy with IL-17, induces in vitro the production by muscle cells of IL-6 and CCL20, which are involved in Th17 differentiation and migration 18 . In addition to TLR, CLR have been detected in inflamed muscle from PM and DM, in association with mDC, IL-12, and IL-23 cytokines 13 . Those CLR-expressing cells were preferentially located around immature regenerating muscle fibers, expressing high levels of HLA class I antigens, suggesting that these muscle cells could represent a target of the immune response 13 . Nonimmune mechanisms. Damaged muscle tissue caused by IIM is characterized by a degenerating process combined with muscle regeneration. However, it is unclear whether this regeneration is effective in the context of inflammation. Of note, in IIM, immature muscle fibers in charge of regeneration are characterized by the overexpression of myositis-specific autoantigens, HLA class I antigens, TLR3/7, and type I IFN 13, 16, 18 . Upregulation of HLA class I antigens on muscle fibers is a key characteristic of myositis muscle tissue. In addition to the immunological role of HLA class I molecules in the presentation of antigens, HLA class I overexpression on muscle cells may mediate muscle damage and dysfunction by itself through activation of the endoplasmic reticulum stress response pathway 20 . Then, the release of myositis autoantigens from damaged immature
